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Microplastics are environmental pollutants that prevail in the oceans, remote islands, and polar regions. Exposure to microplas-
tics presents a major emerging threat to the ecosystems due to their potential adverse effects. Herein, we reviewed the literature
to provide an up-to-date synopsis of the current understanding of the sources, compositions, and adverse effects of microplastics
in humans and the environment. Most studies on microplastics have focused on developing standardized methods for monitor-
ing the occurrence, distribution, and movement of microplastics in the environment, as well as developing microplastic substi-
tutes; however, although humans are exposed to microplastics via various routes, research on the adverse effects of microplastics
in humans remains limited. Little is known about the impact of microplastics on human health and the toxic effects that may vary
depending on the type, size, shape, and concentration of microplastics. Therefore, more research is needed to understand the

cellular and molecular mechanisms of microplastic toxicity and related pathologies.
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INTRODUCTION

Microplastics are found in the oceans, remote islands, and po-
lar regions and are emerging as a major threat to ecosystems
due to their direct and indirect potentials as environmental
pollutants. No international consensus has been reached re-
garding the definition of microplastics, such as the size cutoff
and materials involved. Microplastics are usually produced in-
tentionally or generated when large synthetic polymer prod-
ucts, such as plastic packaging, are not properly disposed of or
treated. Once formed, microplastics are often exposed to the
environment, where they can decompose. In general, micro-
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plastics are synthetic polymer compounds that form when
large plastic materials are fragmented and micronized to a
size <5 mm.

Currently, accurate statistics are unavailable regarding the
sources of microplastics and the total amount of microplastics
deposited in the land and sea. Various human activities and
products, such as washing, worn tires, city dust, road paint,
ships, and cleaning products, have been reported as sources of
microplastics;* however, the main sources of microplastics have
not been clearly identified. Although various cases of micro-
plastic pollution have been reported globally, such as in marine
ecosystems, freshwater, air, and human bodies, additional re-
search is needed to accurately understand the origins and
spread of microplastics and their impact in each situation.

Microplastics are easily ingested due to their micro-level
sizes. They also move easily through the food chain and persist
in the environment since they are refractory to biodegradation.
In addition, as microplastics exist in micro-level to nano-level
sizes, they are virtually impossible to remove once released
into the environment. Due to these characteristics, microplas-
tics pose potential hazards to humans and the environment.
As a representative example of the risk posed by microplastics,
they can cause physical and mechanical harm (e.g., cause ab-
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normalities in internal organs) to marine organisms when
they mistakenly ingest microplastics. Ecotoxicity may be
caused by the polymer itself, unreacted monomers, impuri-
ties (e.g., residual catalysts or reaction by-products), additives
(e.g., stabilizers), or other substances in the polymer matrix
(e.g., dyes, lubricants, or plasticizers). In addition, microplas-
tics can enter the human body when they are not filtered out
during sewage-treatment processes, or they can flow into the
sea, thereby posing risks for the ecosystem and humans. Vari-
ous examples of damage caused by microplastics have been
reported, such as microplastic accumulation in the bodies of
marine and aquatic organisms (leading to malnutrition), in-
flammation, reduced fertility, and mortality. The threats that
microplastics present to the human body have not yet been
clearly identified. However, previous reports have shown that
ultrafine microplastic absorption resulted in complex toxicity
in zebrafish,? and that microplastics under 100 nm in size can
reach almost all organs after entering the human body.’ There-
fore, concerns exist regarding the negative effects of continu-
ous microplastic accumulation in the human body.

To counteract the harmful effects of microplastics, the
South Korean government has begun establishing and pro-
moting plastic waste-management measures that promote
the effective management of microplastics. The Korean Min-
istry of Environment prepared a comprehensive plan for recy-
cling microplastic waste in 2018 and a plan for managing mi-
croplastics in 2019, and the Ministry of Oceans and Fisheries
prepared a comprehensive plan for reducing marine plastics
in 2019. Globally, general solutions to the problem of micro-
plastics include direct regulations (such as banning the use of
microplastics in some emission sources) and indirect regula-
tions (such as restricting the use of single-use or disposable
plastics and encouraging the collection and recycling of plas-
tics). The United States and France introduced regulations
banning the intentional use of primary microplastics in clean-
ing products, and the European Union (EU) expanded the list
of products and items that are regulated (e.g., agriculture/hor-
ticulture products, cosmetic products, air fresheners, paints
and coatings, oil and gas products, construction equipment,
medications, medical devices and supplies, food, synthetic de-
tergents, and adhesives) (ref). In particular, the EU adopted
the “European Plastics Strategy” in January 2018 (ref), which
included promoting increased recycling of plastic products
and a reduction of plastic waste, and the United Kingdom and
France have made efforts to strengthen regulations on the use
of single-use and disposable plastics (ref).

Recently, various studies on microplastics have focused on
developing standardized methods for monitoring the occur-
rence, distribution, and movement of microplastics in the envi-
ronment, as well as developing microplastic substitutes; how-
ever, research on the adverse effects of microplastics in humans
remains limited. International organizations such as the Inter-
national Organization for Standardization and the Group of
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Experts on the Scientific Aspects of Marine Environmental Pro-
tection, which provide advice to the United Nations Environ-
ment Programme, have promoted the development of stan-
dardized investigation and analysis guidelines for microplastics.
Furthermore, the Netherlands and Germany have promoted
mid- to long-term research to obtain an integrated understand-
ing of terrestrial microplastics (e.g., to determine where micro-
plastics occur, their routes of dissemination, their loads in dif-
ferent settings, and treatment strategies).

The proposed Korean and international regulations of micro-
plastics are based on current scientific knowledge and available
information on the intentional uses and risks of microplastics.
To obtain further information and take additional measures re-
garding the use of microplastics in the future, it is necessary to
continue research on market adaptation to regulation, ascer-
tain the performance of biodegradable polymers in related
applications, and obtain new information on the harmfulness
of microplastics to the human body and the environment.

STUDY OF MICROPLASTICS

Definition of microplastics and international
regulations

Microplastics are synthetic, high-molecular weight compounds
that have been micronized into plastic particles smaller than
5 mm in size. Such materials have a low biodegradation rate
and, thus, mostly remain in the environment and adversely af-
fect the human body, the final consumer in the food chain.

Microplastics can be classified according to their source and
fragment size. In general terms, microplastics can be catego-
rized as primary and secondary microplastics. Primary micro-
plastics are intentionally created plastic particles, such as
consumer-care products (e.g., detergents and cosmetics) or
industrial products. Microplastics are also referred to as “mi-
crobeads.” Currently, microbeads are prohibited for use both
domestically in South Korea and internationally (Table 1). Sec-
ondary microplastics are products containing plastics, such as
plastic waste and fibers, or plastic products that have decom-
posed after being exposed to the environment.

Lee, et al." investigated correlations between the distribution
of large plastics (which are easily seen with the naked eye) and
microplastics in plastic debris on the beach near the Nakdong-
gang River estuary, based on their sizes, i.e., micro (1-5 mm),
medium (5-25 mm), and large (>25 mm). In addition, the
chemical constituents of environmental microplastics are di-
verse and include polymers, such as polyethylene (PE), poly-
propylene (PP), polystyrene (PS), PE terephthalate, polyvinyl
chloride, and polyvinyl alcohol. Microplastics can exist as frag-
ments, films, fibers, and foam.

Microplastics in South Korea
Research conducted by the Seoul Institute of Health and En-
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Table 1. Domestic and International Statuses of Regulating or Banning the Use of Microbeads and Microplastics

Country d:?:fyt:fr) Regulations

United States 2014 First ban on the use of microbeads in personal care products (lllinois)

of America 2015 Ban on the use of microbeads in cosmetic products (California, New Jersey, New York, etc.)
Canada 2016 Announcement of a ban on the use of microbeads for exfoliation and cleansing products
New Zealand 2018
Northern lreland 2019 Prohibition of the manufacture and sales of personal care products containing microbeads
Italy 2020
UK 2021
Sweden 2019  Announcement of amendments to acts regarding the use of microbeads in cosmetic products
Taiwan 2020  Announcement of amendments to acts regarding the use of microbeads in cosmetic products
Korea 2017  Designation of microbeads as raw materials that cannot be used in cosmetic products

2019  Preparation of a test method for detecting microbeads in cosmetic products by the Ministry of Food and Drug Safety in Korea
2021 Specific regulations for microplastic contents in some household chemical products : cleaning solutions, deodorant agents,

laundry detergent, bleach, and fabric softener

vironment showed that the concentrations of microplastics
suspended in indoor and outdoor air ranged from 0.45 to 6.64
[meanzstandard deviation (SD): 2.51+1.77] pieces/m®. Specif-
ically, the concentration of microplastics suspended in in-
door air ranged from 0.49 to 6.64 (mean+SD: 3.02+1.77) piec-
es/m? whereas that in outdoor air ranged from 0.45 to 5.16
(mean+SD: 1.96+1.65) pieces/m? indicating that 1.5 times
more microplastics were floating in indoor air than in outdoor
air. The size distributions of microplastics varied from 20.1 to
6801.2 pm indoors and from 20.3 to 4497.4 um outdoors, and
microplastics with a size of 20 to 100 pm accounted for 48% to
96% of the total microplastic particles. The most abundant type
of microplastics detected was PE, followed by PP, polyamide
(nylon), polyester, acrylic, and others. PE and PP components
accounted for approximately 67% of all microplastics. The
percentages of microplastics detected indoors were particu-
larly high for synthetic fibers, such as polyester.

According to research reported by the Ministry of Environ-
ment in Korea in 2017, a mean concentration of 0.05 pieces/L
of microplastics was detected in 24 water-treatment plants
that mainly received surface water from the four major river-
water systems in South Korea (i.e., Hangang River, Nakdong-
gang River, Geumgang River, and Yeongsangang River). Kwon,
et al.® investigated microplastics during the dry season (May)
and rainy season (July) along the eastern coast of Geoje Is-
land, adjacent to the Nakdonggang River estuary. Their study
showed that in the May, manta trawl nets (pore size: 330 um)
and hand nets (pore size: 50 pm) caught 0.62-57 pieces/m?
and 260-11410 pieces/m® of microplastics, respectively. In
July, manta trawl nets and hand nets caught 0.64-860 pieces/
m’® and 210-15560 pieces/m? of microplastics, respectively. In
addition, the most abundant type of microplastic particles de-
tected was paint particles (48.9%), followed by Styrofoam
(19.6%) and fibers (17.5%).

Since bivalves (which are one of the most widely consumed
seafoods obtained from marine environments) are generally
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eaten whole without removing the intestines, they can be re-
garded as a main food source for human exposure to micro-
plastics. According to a 2020 press release by the Ministry of
Food and Drug Safety in Korea,” the mean concentration of
microplastics detected in highly consumed marine products
(including seafoods) in South Korea was 0.47 pieces/g. Micro-
plastic concentrations according to the types of analyzed ma-
rine products were 0.07-0.86 pieces/g for shellfish, 0.03-0.04
pieces/g for cephalopods, 0.05-0.30 pieces/g for crustaceans,
1.03 pieces/g for dried anchovies, and 2.22 pieces/g for sea
salt. Microplastics were mainly detected in marine products
as fragments of 20 to 200 pm, and their major chemical com-
ponents were PP, PE, and PS. Cho, et al.? found 0.15 (range:
0.07-0.34) pieces/g of microplastics in commercial bivalve
shellfish (e.g., oysters, mussels, clams, and scallops) in fish mar-
kets of major cities in South Korea (Seoul, Gwangju, and Busan),
and that the annual concentration of microplastics ingested
through crustacean consumption by Koreans was 521 (range:
243-1182) pieces/person. The microplastics detected were
mainly composed of PP, PE, Styrofoam, and PE vinyl acetate as
fragments ranging from 100 to 200 pm in size.

Choi, et al.’ analyzed the concentration of microplastics in
soil samples from 100 sites in South Korea, including forests,
suburbs, and agricultural lands in Yeoju-si, Gyeonggi-do, South
Korea. Their analysis showed that the mean microplastic con-
centration in soil was 700 pieces/kg, and more microplastics
were detected in upland soil than in urban soil. In addition, the
microplastic concentrations differed depending on the agri-
cultural soil type with orchard soil samples showing the high-
est microplastic concentrations, followed by upland, green-
house, and rice paddy soil samples. These findings indicate
that microplastic concentrations differ according to the type of
land use (Table 2).
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Table 2. Types and Concentrations of Microplastics in South Korea in Different Environmental Media

Medium Types of microplastics Sampling Concentration(s) Reference
Air PE, PP. polyamide (nylon), polyester, ~ Capture of indoor and outdoor air 0.45 to 6.64 pieces/m® (mean+SD: 2.51£1.77) 5
acrylic, etc.
Water - Water-treatment plants for surface water Mean: 0.05 pieces/L
S 35
from the four major rivers in South Korea
Paint, Styrofoam, and fiber particles  Eastern coast of Geoje Island, adjacent Dry season (may)
to the Nakdonggang River estuary - Manta traw! nets (330 pm), 0.62—57 pieces/m®
- Hand nets (50 pm), 260—11410 pieces/m® 6

Seawater Fragments 20 to 200 ym in size,
consisting of PP. PE, or PS

Fragments 100 to 200 ym in size,
consisting of PP, PE, Styrafoam,
or PE vinyl acetate

Soil -
in Yeoju-si, South Korea

Commercial shellfish in fish markets in
Seoul, Gwangju, and Busan, South Korea

Forests, suburbs, and agricultural lands

Rainy season (july)
- Manta trawl nets (330 pm), 0.64-860 pieces/m*
- Hand nets (50 pm), 210-15560 pieces/m®

Marine products that are highly consumed  Shellfish: 0.07—0.86 pieces/g
in South Korea, including seafoods

Cephalopods: 0.03-0.04 pieces/g

Crustaceans: 0.05-0.30 pieces/g 7
Dried anchovies: 1.03 pieces/g

Sea salt: 2.22 pieces/g

Oysters, mussels, clams, and scallops:
0.15(0.07-0.34) pieces/qg

Concentration of microplastic intake through 8
crustacean consumption by Koreans:
521 (243-1182) pieces/(person - year)

Mean: 700 pieces/kg (more microplastics detected
in upland soil than in urban soil)

PE, polyethylene; PP, polypropylene; PS, polystyrene; SD, standard deviation.

TYPES AND ROUTES OF MICROPLASTIC
EXPOSURE AND THE EFFECTS ON
HUMAN HEALTH

Types and routes of human exposure

Humans are mainly exposed to microplastics by using various
plastic products (i.e., plastic packaging containers, decom-
posing plastic materials, fishing nets, textiles, and personal
hygiene products) and being exposed to paint fragments (e.g.,
abrasion of paint) that have flowed into the environment (i.e.,
air, water, seawater, or soil). As such, humans can be exposed
to microplastics through direct ingestion, direct contact, and
inhalation.'

Most investigations of microplastics have been based on
observations of synthetic microbeads (i.e., primary microplas-
tics) intentionally manufactured for industrial or household
use. However, unintentional causes of microplastic pollution
should also be paid attention to, such as secondary microplas-
tics that comprise a relatively large proportion of plastic parti-
cles in the environment. It is also well known that the physico-
chemical properties of nanomaterials play important roles in
their toxic properties and lethality. Primary microplastics cur-
rently used in toxicology studies are mostly uniform in size
and shape, whereas secondary microplastics exist in a variety
of sizes and shapes, making it difficult to assess their actual
health risks."

Microplastics have irregular shapes, such as cubic, spheri-
cal, and rod shapes depending on their morphological char-
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acteristics, which should be considered when assessing risks
to humans and the environment. Sharp microplastic particles
can cause toxicity by physically stimulating the human body. In
addition, various chemicals are used when synthesizing plastic
polymers, depending on the end use, most of which are endo-
crine disruptors. Endocrine disruptors, also referred to as hor-
monally active agents, can harm the human body by causing
various cancers and reproductive-system disorders. Micro-
plastics can also affect the human body by stimulating the re-
lease of endocrine disruptors. In addition, microplastics can
carry other toxic chemicals such as heavy metals and organic
pollutants during adsorption, which can adversely affect the
human body (i.e., the final consumer).

The toxicity of microplastics inhaled by humans was ad-
dressed in a study performed by Prata.'* The results of that
study suggested that microplastics were present in the atmo-
sphere, and that humans could be exposed to microplastics
through inhalation. Thus, chronic exposure to low concentra-
tions of microplastics in the air could be associated with respi-
ratory and cardiovascular diseases depending on an individu-
al’s susceptibility and the particle characteristics.

Choi, et al."* assessed the harmfulness of microplastic accu-
mulation in marine zooplankton and found that such accu-
mulation can affect the overall marine ecosystem as well as
the human body. They exposed marine zooplankton to micro-
plastics (size: 50 nm or 10 pm) for 24 h and 48 h, respectively,
using PS microplastics found in disposable cups and snack
packaging, and then they analyzed expression differences in
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antioxidant genes and enzymes involved in generating active
oxygen and oxidative stress. Although the gene-expression dif-
ferences were not significant over time, it was found that small-
er microplastics were more toxic. In addition, both sizes of mi-
croplastics accumulated in the bodies of plankton and in the
oocytes of some female plankton, implying the possibility of
intergenerational transmission. Such a finding raises the pos-
sibility of that microplastics can eventually enter the human
body through the food chain, as microplastics accumulate in
plankton (lowest level of the food chain) and then migrate into
higher predators.

To date, no method has been established to accurately assess
the risks posed by microplastics; therefore, further research is
needed, particularly since microplastics can act a medium for
adsorbing persistent organic pollutants or transporting bacteria.

Effects of microplastics on human health

The results of cellular and animal experiments have shown
that microplastics can affect various systems in the human
body, including the digestive, respiratory, endocrine, reproduc-
tive, and immune systems. First, the digestive systems are af-
fected when microplastics are ingested, and physical irritation
to the gastrointestinal tract may eventually cause inflamma-
tion, resulting in various gastrointestinal symptoms.'* Micro-
plastics may cause changes in the intestinal microbiome, result-
ing in an imbalance between beneficial and harmful bacteria,
which can lead to various gastrointestinal symptoms, such as
abdominal pain, bloating, and changes in bowel habits.”® In
addition to their physical effects on the digestive system, micro-
plastics can cause chemical toxicity, which involves the absorp-
tion and accumulation of environmental toxins such as heavy
metals and polycyclic aromatic hydrocarbons. These toxic sub-
stances can enter the body through the gastrointestinal tract
when microplastics are ingested orally, leading to various gas-
trointestinal symptoms including nausea, vomiting, and ab-
dominal pain.'®

Regarding the effects on the respiratory system, microplastics
may cause oxidative stress in the airways and lungs when in-
haled, leading to respiratory symptoms such as coughing, sneez-
ing, and shortness of breath due to inflammation and damage,
as well as fatigue and dizziness due to a low blood oxygen con-
centration."” A recent study showed that nano-sized plastics
were associated with mitochondrial damage in human respira-
tory cells.'® Microplastics can act as carriers of other environ-
mental toxins, such as PS, and exposure to high concentrations
of PS are detrimental to human lung cells, increasing the risk
of chronic obstructive pulmonary disease."

In addition, microplastics interfere with the production, re-
lease, transport, metabolism, and elimination of hormones,
which can cause endocrine disruption and lead to various en-
docrine disorders, including metabolic disorders, developmen-
tal disorders, and even reproductive disorders (i.e., infertility,
miscarriage, and congenital malformations).” Microplastics
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can act as a medium for environmental toxic substances such
as bisphenol A, which are absorbed into the body and cause
various diseases of the endocrine system and reproductive sys-
tem.?" In a recent study, microplastics were also found in the
placentas of six pregnant women by Raman microspectrosco-
py.* The potential negative effects of microplastics on the hu-
man immune system warrant further research. Accumulated
exposure to microplastics induced chronic inflammation and
homeostasis changes in animal experiments,® and a study on
human lung cells showed that microplastics can activate in-
nate immunity by regulating the expression of genes and pro-
teins involved in the immune response.*

In vitro experiments with human cells and in vivo data gener-
ated with mice showed that microplastics elicit adverse health
effects mainly by causing inflammation, oxidative stress [in-
creased reactive oxygen species (ROS) production], lipid metab-
olism disturbances, gut microbiota dysbiosis, and neurotoxicity.
Exposing human gastric adenocarcinoma cells to 44 nm PS
nanoparticles strongly increased the expression of the IL-6
and IL-8 genes, which are major inflammatory substances in
the body.*”® Exposing human glioblastoma multiforme cells
(T98G cells) and human cervical carcinoma cells (HeLa cells)?
to PE microplastics only increased ROS production in the
T98G cell line, whereas exposure to PS microplastics increased
ROS production in both cell lines. As such, microplastic expo-
sure not only increases ROS production in cerebral and epi-
thelial cells, but it also increases oxidative stress in colon and
small intestine epithelial cells*” and lung epithelial cells.***
The results of animal experiments reported to date have shown
that exposing mice to PS microplastics caused lipid-metabo-
lism disturbance in the liver, increased oxidative stress and ace-
tylcholine esterase activity,” and induces microbiota dysbiosis
in the intestine.”

Choi, et al.* fed PS microplastics to mice for 2 weeks and
found that inflammatory-response proteins, such as inducible
nitric oxide synthase and cyclooxygenase-2, increased signifi-
cantly in the liver, kidneys, and intestines of mice, and that ROS
production and superoxide dismutase activity increased sig-
nificantly. Lipid-metabolism disturbances and inflammatory
reactions caused by microplastic exposure were more severe in
diabetic mice than in healthy mice.* Microplastic neurotoxicity
has also been reported in a small number of animal experi-
ments. Shan and colleagues® exposed PS nanoparticles orally
to mice for 7 days, and found that the nanoparticles accumu-
lated in the central nervous system and caused microglia acti-
vation and neuron damage. Additional data have shown that
exposure to PS microplastics caused cognitive dysfunction in
mice,* along with changes in locomotor function and anti-
cholinesterase activity.*

As discussed above, the detrimental health effects of micro-
plastics have been observed in many experimental studies,
suggesting that the risks for various inflammatory-related dis-
eases in the human body is increasing. However, few epidemi-
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ological or etiological studies have been performed to examine
the occurrence of symptoms or diseases caused by microplas-
tic exposure.

Microplastic-exposure routes

Recently, microplastics have been recognized as important
pollutants that cause environmental problems. Microplastics
have been detected in food consumed by humans or in the
air. Therefore, they may affect human health through food
consumption or inhalation.

Ingested or inhaled microplastics may accumulate in the
body and trigger an immune response or cause local particle
toxicity. In addition, chronic exposure may cause more prob-
lems through accumulation in the body. However, to date, no
definitive evidence has been reported regarding exposure lev-
els, due to a limited number of studies on the exposure doses.

Therefore, it is necessary to evaluate the threshold exposure
levels and loads of microplastics that affect human health in
the future.

Ingestion

Target-food and microplastic-size considerations based on
Korean dietary characteristics reviewed 134 food items after
considering common Korean dietary patterns and heavy met-
als that might be found in such foods. After considering Kore-
an eating habits, we classified the foods studied into different
group (muscles, intestines, and other organs) and analyzed
each food group. The foods were further subclassified as do-
mestic Korean, ocean fishing, and imported marine products
and investigated. Each product type (e.g., organic, salt dried,
or dried) was analyzed separately. To estimate the internal
dose of microplastics in foods sold in South Korea, obtaining
information on the unit intake for each food group was essen-
tial, and it was necessary to analyze the contents of microplas-
tics in each organ based on the dietary characteristics of Kore-
ans (Table 3).

Table 3. Major Seafood Items with High Consumption of Microplastics

Microplstics: Exposure and Health Effect

Inhalation

The synthetic fiber industry is a representative example of po-
tential workplace exposure to microplastics through inhala-
tion. The results of many studies have demonstrated that mi-
croplastic inhalation can lead to respiratory and lung diseases
among workers in factories using synthetic fibers.

In addition, sea salt aerosols can be transmitted by sea
waves and wind to urban environments close to the coast.

A previous report showed that microplastics exist in fertiliz-
er components that are used in agricultural fields, and that they
remain in the land for approximately 15 years and are eventual-
ly released to the atmosphere.

The results of most previous studies showed that ingestion
was the main route of microplastic exposure in humans, al-
though recently developed detection and quantification meth-
ods has provided mounting evidence that humans are exposed
to microplastics through the air. However, a consensus on sam-
pling and analysis methods for microplastics in the air is cur-
rently lacking, and this issue should be resolved soon. The main
sources of microplastics in indoor and outdoor air are syn-
thetic fibers, plastic fibers, building materials, waste-incinera-
tion byproducts, and landfills. Recent human-biomonitoring
data have revealed the presence of plastic fibers in lung tissue,
suggesting that airborne microplastics can be deposited or ac-
cumulate in the lungs.

DISCUSSION AND CONCLUSION

Previous estimates indicated that humans are exposed to be-
tween tens of thousands and millions of microplastics each year,
or several milligrams per day. The main exposure route could
be the inhalation of indoor air and drinking water in plastic
bottles. Exposure to microplastics through food intake is likely
the main exposure source, although it remains difficult to pro-
vide a detailed estimate due to the lack of research on the con-

Food group Selection criteria

Target marine products

Fish (20 species) Intestines consumed (muscles or intestines)

Whole fish consumed (whole fish, muscles, or intestines)

Specific organs consumed
(muscles, intestines, or specific organs)

Shellfish (8 species)
Larger shellfish among invasive shellfish

Conches (muscles or intestines, including reproductive organs)

Yellow corvina, stingray, pike eel (liver), halibut, perch, cod,
flounder, croaker, rockfish, conger eel, monkfish, and skate

Snakehead, crucian carp, and carp

Sandfish (roe), pollack (roe), frozen pollack (roe), and conger eel
(liver)

Conch, triton snail, abalone, big snail, and rice paddy snail

Scallops, cockles, and razor shell

(muscles or intestines, including reproductive organs)

Crustaceans (6 species) Marine decapods (muscles or intestines)
Mollusks (4 species)

organs and ink)
Echinoderms (1 species)
Deep-sea fish (2 species)  Large marine animals or fish

(muscles, intestines, tails, fins, or eggs)

Cephalopods (muscles or visceral mass, including reproductive

Specific organs consumed (edible parts or intestines)

Blue crab, snow crab, red crab, stone crab, king crab, and lobster
Cuttlefish, squid, small octopus, and octopus

Sea cucumber
Whale, shark (eggs)
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tents and internal doses of microplastics in different foods."”

A recent report showed that microplastics exposure in new-
borns and infants could increase due to the use of feeding
bottles and medical devies, and biomonitoring data provide
indirect evidence of microplastics exposure in infants and
children. The results of animal studies have shown that mater-
nal exposure to microplastics affects offspring and subsequent
generations and that the toxicity levels and effects in humans
can vary depending on the size, shape, chemical composition,
surface charge, and hydrophobicity of microplastic particles.

Microplastics exist everywhere, and humans are exposed to
microplastics through various routes. To assess the toxicity
and adverse effects in humans caused by such exposure, vari-
ous exposure and toxicity evaluations are needed. Moreover,
in the past 50 years, the global production of plastics has in-
creased, as has the prevalence of overweight and obesity in
the general population, and research is ongoing to test the hy-
pothesis that microplastics are responsible.

Humans are exposed to microplastics through various
routes, and the associated health effects are complex and vari-
able. Little is known regarding the impact of microplastics on
human health and the toxic effects that may vary depending
on the type, size, shape, and concentration of microplastics, as
well as other factors. Therefore, further research is needed to
understand the cellular and molecular mechanisms of micro-
plastic toxicity and related pathologies. In addition, the com-
position of microplastics and relevant additives variably intro-
duce additional toxicity and health effects, so it is necessary to
conduct additional research on these topics.

Considering the ubiquitous nature and long persistence of
microplastics, it is necessary to make efforts to mitigate their
exposure given their effects on entire generations and multi-
ple generations.

Plastic, which has become inseparable from human life,
has given various benefits to mankind, but is naturally or arti-
ficially divided into various sizes and affecting the natural
ecosystem. When the size of the plastic becomes smaller and
microplastics are formed, they can be absorbed, ingested, or
inhaled into the human body through the skin, gastrointesti-
nal system, or lungs. These microplastics can physically block
the digestive system, stimulate the mucous membrane, and
injure it. Also, when the size of microplastics becomes smaller
than 1 micrometer to form nanoplastics, which are ultrafine
plastics, they can pass through the primary tissue barrier in the
body and penetrate the capillary blood vessel through the
blood stream, which can be dispersed throughout the body. In
addition, ultrafine plastics have hydrophobic properties that do
not dissolve in water and can be dispersed, resulting in various
properties.

Microplastics are so small that they are almost impossible
to recover once they are released into the ecosystem. As a re-
sult, countries around the world are strengthening related laws
on primary microplastics. For example, the EU is taking vari-
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ous measures to recycle plastics, develop biodegradable plas-
tics, distinguish harmful substances in plastics, and prevent
marine waste generation.

Research and development is needed to thoroughly identify
and analyze the potential impact of microplastics on the envi-
ronment, the distribution of waste plastics in the ocean, and
chemical composition. In the future, in-depth research on the
pollution status and hazards of marine microplastics, as well
as the correlation between exposure to microplastics and dis-
eases in humans, should be conducted; and based on these
findings, human health should be protected by preventing
and managing microplastics.
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